Musculoskeletal conditions of the foot and ankle are an important public health challenge due to their increasing incidence combined with their substantial negative impact on patients' quality of life. Non-pharmacological treatments serve as the first line of treatment and are frequently used for patients with musculoskeletal conditions of the foot and ankle. This review provides a summary of the assessments and non-invasive treatment options based upon available evidence. Recent studies show that individuals with foot and ankle pain have multiple co-existing impairments in alignment, motion, load distribution and muscle performance that may be evident in static and/or dynamic tasks. In addition, both clinical and epidemiological studies support the inter-dependence between the foot and proximal joints. For instance, aberrant foot structure has been linked to foot osteoarthritis (OA), as well as OA and pain at the knee and hip. Most recently, advances in motion capture technology and plantar load distribution measurement offer opportunities for precise dynamic assessments of the foot and ankle. In individuals with musculoskeletal conditions of the foot and ankle, the chief objectives of treatment are to afford pain relief, restore mechanics (alignment, motion and/or load distribution) and return the patient to their desired level of activity participation. Given that most patients present with multiple impairments, combinational therapies that target foot-specific as well as global impairments have shown promising results. In particular, in individuals with rheumatoid arthritis and other rheumatic diseases, comprehensive rehabilitation strategies including early detection,
Introduction and purpose
Foot and ankle conditions are major public health problems, and with the increasing numbers of older adults in the population, the burden of these problems will escalate. In persons with rheumatoid arthritis (RA), these conditions are about double the rates observed in the general population. Yet, foot and ankle conditions have thus far received minimal attention by rheumatology professionals. Compared to non-invasive corrections for joint malalignment at the knee and hip, very little work has focussed on the foot and non-surgical foot interventions that might benefit foot pain and related rheumatic diseases. The purpose of this review is to provide an overview of current knowledge on ankle and foot musculoskeletal conditions with a focus on assessment and non-invasive, non-pharmacology treatment options. In the following sections, we present assessment and treatment of foot pain and ankle pain separately. However, it is conceivable that foot and ankle problems are related, and the concept of regional interdependence is introduced to address the overlap in musculoskeletal conditions of the foot and ankle with respect to assessment and treatment. While this review is not a systematic review of the literature, it is intended to provide a comprehensive review of common assessments and non-pharmacologic treatment strategies of foot and ankle pain in adults.
Foot pain

Overview
Foot pain has emerged as a significant clinical and public health challenge due to its high prevalence and substantial negative impact on physical function and quality of life. Foot pain affects 20-37% of community-dwelling adults 45 years and older [1À3] . In older adults without disabling foot pain at baseline, 8.1% reported it at a 3-year follow-up [4] . Individuals with foot pain experience significant physical disability [2, 5] , have difficulty with activities of daily living [6] and are at increased risk of falling. Foot pain has a substantial negative impact on general and foot-specific quality of life [8, 9] .
The aetiology of foot pain is multifactorial, and poor footwear choices may play a key role in its development [10À12] . Wearing shoes that are too small [12] or shoes that lack support and sound structure (high heels, sandals and slippers) has been associated with foot pain [10] . In recent years, an increase in the incidence of foot injuries secondary to motor vehicle trauma has been noted with the advent of airbags and seat belts [13] . The plantar impact sustained by restrained front-seat passengers may cause injury including ligamentous disruption and metatarsal fractures [14] . In particular, an increase in the frequency and severity of tarso-metatarsal, talo-navicular and ankle joints has been reported with motor vehicle trauma [15] . Foot pain may also be related to the presence of health conditions (e.g., RA, gout or osteoarthritis (OA)) or involve specific body structures (e.g., plantar fasciitis and Morton's neuroma). A recent study evaluating the prevalence of foot symptoms in individuals with RA noted that 93.5% of respondents had experienced foot pain, and 35.4% reported that foot pain was their presenting symptom [16] . In patients with acute gout flares, 70% (14/20) reported foot pain and 
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Static foot structure and alignment Foot structure has been quantified in terms of the alignment of the medial longitudinal arch, as well as by characterising foot types (Fig. 1) . However, the predictive value of arch alignment remains contentious [28] , and objective data quantifying the diagnostic accuracy (sensitivity, specificity, receiver operating characteristic, or ROC and curves) of arch alignment are lacking. Arch alignment has been assessed using clinical (palpation-based), radiographic and footprint-based methods that have varying levels of reliability and validity. Radiographic measures are considered the 'gold standard' measure of arch alignment but are susceptible to measurement errors due to magnification and beam positioning [29] . Due to its high concurrent validity and relative ease of use, navicular height is frequently used in clinical practice [30] . Arch height index, defined as the ratio of dorsum height to truncated foot length, can be measured using a relatively low-cost jig and offers both, high reliability and concurrent validity [31] . Hybrid methods that combine two or more assessments of arch alignment, such as the Foot Posture Index, a six-item rating system [32] and a screening protocol, combining clinical and radiographic methods [33] have been proposed.
Aberrant foot structure such as an elevated first ray [34, 35] , hypermobile first ray [36] and long second metatarsal [37] have been linked with the development of first metatarso-phalangeal joint OA, hallux valgus and midfoot OA, respectively. Aberrant foot structure has also been linked to the development of pain and OA changes at the knee and hip (Fig. 2) . Gross et al. found a modest relationship between forefoot varus and ipsilateral hip pain [38] . Limbs with low arched feet had 1.3 times the odds of knee pain [39] . Self-reported toe out may play a significant role in the development of radiographic medial patella-femoral knee OA [40] .
Joint range of motion
Joint range of motion, quantified using a goniometer with 1 resolution, has shown good reliability at the first metatarso-phalangeal joint [41] and subtalar joint [42] . The ankle is reviewed in detail in the subsequent sections. The rater should note the position used to perform testing (supine, prone or seated), method of stabilising proximal joints, and whether the measurement was obtained in the weight-bearing position, to improve consistency. Fig. 1 . The traditional approach proposed by Root et al. focussed on identifying and correcting foot malalignment. Ideal foot alignment was defined as "subtalar neutral", the position in which the calcaneal bisection (blue line) is parallel with the bisection of the lower third of the leg (red line), and the plane passing through all five metatarsal heads (green line) is perpendicular to the calcaneal bisection (blue line). Based on the relationship of the rearfoot and forefoot in subtalar neutral, chief malalignments include rearfoot varus and valgus (top row), forefoot varus and valgus (bottom row) are identified. Adapted from Ref. [76] .
Muscle performance
Muscle strength, quantified using a hand hand-held dynamometer, has demonstrated good reliability (Intra-rater (0.78-0.94) and Inter-rater (0.77-0.88)) Intraclass Correlation Coefficient (3,1), respectively) [43] . Standardised patient positioning and dynamometer placement are key to achieving inter-rater consistency. Decreased toe flexor strength and foot pain are independently associated with fall risk [7, 9] . Strength deficits have also been reported in individuals with foot pain secondary to tibialis posterior tendinopathy [44, 45] .
Footwear assessment
Footwear should be inspected for fit (length and width) and design features such as the presence of a heel cup, arch support, torsional and toe-break flexibility (Fig. 3) . Patterns of wear on the sole of the shoe and/or or scuffing should be noted. The Footwear Assessment Form is a simple and well-organised tool with established reliability and face validity [46] . Additional work may be needed to establish its suitability across cultures and clinical populations. Individuals' perception of footwear comfort can be assessed using the Footwear Comfort Scale [47] . 
Dynamic assessment of foot motion (including gait analysis)
Dynamic assessment of foot function involves an observational or quantitative assessment of foot and lower extremity mechanics during a weight-bearing task (e.g., walking, running, single limb squat and step down). Dynamic assessments are particularly relevant in a clinical foot exam because evidence indicates that there is only a weak relationship between static and dynamic measures of arch height [48] [49] [50] and large between-person variability [51] . The reliability of observational assessments has been questioned by some authors [52] , while others have found acceptable reliability [48, 50, 53] using video-based gait analysis. The studies that found acceptable reliability used ordinal scales to quantify dynamic foot alignment [53] and standardised video position and measurement procedures [48, 50] . Advances in three-dimensional (3D) motion capture technology have provided higher resolution and large capture volume, and afford the opportunity to simultaneously assess in vivo segmental foot motion concurrently with the motion of larger proximal joints [54] [55] [56] .
Dynamic assessment of plantar load distribution
When performing a clinical assessment, the plantar aspect of the foot should be inspected for patterns of calluses and weight bearing. More recently, load distribution (plantar pressure) at the footfloor or the foot-shoe interface has been quantified during functional activities such as walking, stair ascent and descent and running [57, 58] . The reliability of both, barefoot as well as in-shoe pressure measuring devices, has been established [59] [60] [61] . Early applications of this technology focussed on individuals with diabetes and neuropathy who demonstrate loss of protective sensation. The evaluation of the at-risk diabetic foot is covered in an excellent review [62] , and thus, will not be described in this paper. More recently, in individuals with foot pain, and elevated and prolonged plantar loading has been postulated to contribute to the evolution of patients' self-reported pain. Consistent with this mechanical overloading theory, recent reports have found increased regional plantar pressure accompanying foot pain [63, 64] . By contrast, some authors postulate that individuals experiencing foot pain adopt an antalgic strategy to avoid exacerbating their foot pain. For instance, individuals with first metatarso-phalangeal OA may shift their weight laterally in an attempt to unload the painful region during walking [65] . Similarly, lower lateral forefoot loading has been reported in patients with RA and low Health Assessment Questionnaire (HAQ) score (more disability and more pain) compared to RA patients with high HAQ scores [66] . While pressure measurement technology and appropriate measurement methods are increasingly common in clinical and population-based research studies, their use in routine clinical practice is infrequent.
Provocational tests
The final part of the clinical examination comprises provocational tests that provoke specific tissues. The Windlass test (Fig. 4 ) is used to stretch the plantar fascia and is considered positive if the patient reports pain when the first metatarso-phalangeal joint is passively dorsiflexed [67, 68] . Limited extensibility in the gastrocnemius-soleus complex or the flexor hallucis longus can be assessed using passive muscle length testing. Symptoms related to the sesamoids may manifest as plantar pain and localised tenderness to palpation. Custom devices have been developed to objectively quantify first ray dorsal mobility [69, 70] and first metatarso-phalangeal joint mobility [71] in in vivo research studies; however, these devices are not in widespread use in clinical practice.
Treatment of foot pain Overview and general approach
The primary aim of treatment is to afford pain relief, restore mechanics (alignment, motion and/or load distribution) and return the patient to their desired level of activity participation. The plan of care should be designed with the goal of targeting impairments noted during assessment. The most frequently used treatment modalities in this clinical population include orthoses and footwear, stretching and therapeutic exercises, manual therapy, taping and combinational therapies, and are discussed in detail in subsequent subsections.
Orthoses and footwear
Over the last decade, significant evolution has occurred in clinical decision making related to the prescription of foot orthoses. Three theoretical approaches can be distinguished. The traditional approach proposed by Root et al. [72] focussed on identifying impairments in foot alignment and used orthoses to restore static and dynamic foot alignment. Subtalar neutral position, operationally defined as the position in which the calcaneal bisection is parallel with the bisection of the lower third of the leg, and the plane passing through all five metatarsal heads perpendicular to the calcaneal bisection, was considered ideal foot alignment [72] . Based on the relationship of the rearfoot and forefoot in subtalar neutral, four chief malalignments were delineated (rearfoot varus, rearfoot valgus, forefoot varus and forefoot valgus (Fig. 1) . While Root et al.'s approach had a substantial influence on orthoses prescription, increasing concerns emerged related to its reliability and validity. Studies examining the inter-rater reliability of clinicians in positioning the foot in subtalar neutral have reported measurement errors of 4 , with better reliability reported in weight-bearing measures [73] [74] [75] [76] [77] . Measurement error is extremely important because it can lead to errors in classification of foot malalignment. Questions have been raised related to the validity of Root et al.'s classification system, and limited normative data are available. For example, one study found forefoot valgus in 45% limbs assessed in women (mean age: 23 years) [78] , while another group found forefoot varus in 87% limbs assessed in women (mean age: 28 years) [79] . Lastly, while Root et al. postulated that static foot alignment and dynamic foot function are strongly linked, objective evidence has challenged the predictive value of static alignment. In asymptomatic adults, root-based static foot alignment was not significantly related to dynamic foot motion [80] .
As an alternative, the Tissue Stress Model has been proposed as a paradigm to guide the evaluation and management of foot disorders [81] . This model is based on an individual-specific load deformation curve and postulates that deformation within the elastic region of the curve will not provoke symptoms. However, tissue stress in the micro-failure or plastic region of the load deformation curve may result in injury and inflammation. Consequently, tissue-specific interventions [82, 83] incorporating orthoses, and stretching and targeted exercises have been proposed in individuals with foot pain. Similarly, the Preferred Movement Pathway theory proposes that orthoses do not function by realigning the skeleton but rather by altering input signals (forces) acting on the foot during the stance phase and resultant muscle activation [84] . Additional evidence is needed to establish the use of these theoretical models in clinical decision making.
Orthoses and footwear have been postulated to relieve foot pain by restoring alignment [85] , redistributing plantar loads [86] or limiting motion and 'splinting' the painful joints [87] . In individuals with midfoot pain, footwear modifications such as steel shanked shoes and rocker shoes are prescribed to limit motion at the painful joints [88] . However, these modifications are often cosmetically unacceptable, resulting in poor compliance with therapeutic footwear. As an alternative, low profile and stiff carbon graphite orthoses have been used in this population more recently [87, 89] . In individuals with tibialis posterior tendinopathy, braces incorporating design features (e.g., air bladder) that allow subject-specific correction of aberrant foot motion are available. Objective data suggest that while braces have a robust effect on correcting hindfoot eversion in individuals with tibialis posterior tendinopathy, their effect in controlling forefoot abduction may be variable [90] .
A recent systematic review indicates that custom foot orthoses should be used judiciously in the treatment of foot pain [91] . Yet, custom-made foot orthoses were effective for painful pes cavus and rearfoot pain in RA (studies show a remarkably small number needed to treat only 4-5 patients for either of these specific conditions to show a benefit). Custom orthoses were as effective as over-thecounter orthoses in juvenile idiopathic arthritis, and surgery was more effective than custom orthoses in painful hallux valgus [91] . There is no evidence to support the use of custom orthoses in plantar heel pain [92] . While the use of custom orthoses has been accompanied by very few side effects, they can be expensive ($300-700 per pair) and their efficacy can be variable. Some authors have suggested the use of a treatment direction test to predict determine whether orthoses will be successful in providing pain relief [93] . Briefly, the patient's history and physical examination are used to identify specific tasks that provoke symptoms. Taping is applied (low-dye taping, with felt pads, if needed), and if the patient reports greater than 50% resolution of symptoms, orthoses are prescribed. If the patient reports modest symptomatic relief with taping, orthoses are unlikely to be effective.
Taping
In individuals with plantar heel pain (plantar fasciitis), low-dye taping has been used to provide short-term pain relief. In a recent clinical trial, week-long application of low-dye taping produced a small but significant reduction in 'first-step' pain compared with sham ultrasound [94] . This trial also noted that 28% of patients treated with taping reported mild to moderate adverse effects such as discomfort from the tape being too tight, emergence of a new pain or an allergic reaction. Adverse reactions may limit compliance with taping. More recently, taping has been used to determine if the patient is a candidate for custom orthoses (see Treatment Direction Test in the section on Orthoses and Footwear above).
Stretching
Stretching is a key component of rehabilitation interventions for foot pain, particularly in individuals with heel pain. Stretching protocols in heel pain involve weight-bearing and non-weightbearing calf stretches and a plantar fascia stretch performed with the patient seated. The patient is instructed to perform at least 10 repetitions of each stretch, with a 10-20 s hold, at least twice a day [82] . In a recent clinical trial, tissue-specific plantar fascia stretching demonstrated superior pain relief and improvement self-reported outcomes at 8-week follow-up compared to calf stretching [82] .
Therapeutic exercise
Targeted as well as generalised strength training have been prescribed for individuals with foot pain, and have been associated with positive outcomes. In individuals with tibialis posterior tendinopathy, participation in a structured, 10-12-week eccentric strengthening programme was associated with symptomatic relief and improvement in physical function [95, 96] . In a recent clinical trial, a home-based programme of foot and ankle exercises combined with routine foot care demonstrated a 36% reduction in falls rate in community-dwelling older adults [97] . In addition to exercises, this community-based intervention included orthoses, advice on and subsidy for footwear, a falls prevention education booklet, and routine foot care for 12 months. Additional examples of stretching and therapeutic exercises are presented in the section on Combinational Therapy below.
Manual therapy
Manual therapy includes soft-tissue techniques (such as trigger point release and strain counterstrain) and joint mobilisations to address restrictions at the foot (subtalar, talo-crural and inter-tarsal joints) as well as proximal joints (hip, knee and ankle) [26] . Promising recent studies indicate that softtissue mobilisation may provide short-term pain relief in individuals with heel pain. The addition of myofascial trigger point release to a self-stretching protocol provided superior short-term (single session) pain relief compared to a self-stretching protocol [98] . Studies using joint mobilisations in conjunction with other modalities are covered in the section on Combinational Therapy below.
Combinational therapy
Consistent with the concept of functional phenotypes (sub-groups) of foot pain that are characterised by the existence of multiple impairments (e.g., pain, loss of range of motion and poor muscle performance), a number of recent studies have proposed combinational therapies to alleviate pain and maximise return to activity participation. For instance, in individuals with first metatarso-phalangeal joint pain, the addition of sesamoid mobilisation, flexor hallucis strengthening and gait training resulted in superior pain relief, restoration of range of motion and strength, compared to a control group that received physical modalities (whirlpool, ultrasound, cold packs and electrical stimulation) and general lower extremity exercises (calf and hamstring stretching and marble pick-up exercise) [99] . Similarly, individuals with heel pain treated with combinational therapy including joint mobilisations and stretching demonstrated superior pain relief and self-reported physical function at a 4-week follow-up compared to those treated with electro physical agents (ultrasound and ionophoresis) and stretching [26] .
Individuals with RA are particularly susceptible to foot pain, deformities and disability. Consequently, aggressive preventive and monitoring strategies have been deployed in this population. In parallel with tight disease control through medical management, early detection of forefoot pain, and diagnostic ultrasonography and corticosteroid injection therapies for localised synovitis are strongly advocated [100] . In a recent systematic review of the role of orthoses in RA, the use of rigid, full-length custom-moulded orthoses was accompanied by pain relief and reduction in forefoot plantar loading [101] . In addition to foot-specific interventions, rehabilitation interventions including elements of physical activity, strength training and self-management are critical to maintaining physical health and wellness in individuals with RA [102] . While high-quality evidence in the form of clinical trials is relatively scarce, two recent reviews have summarised key features of rehabilitation interventions that are beneficial in the management of individuals with RA [102, 103] . These reviews indicate that while the benefits of physical activity programmes in improving outcomes in individuals with RA are well established, limited objective data are available examining the effects of dosage and intensity. Critical aspects of successful programmes include access to multidisciplinary care, and the use of cognitive behavioural approaches, therapeutic exercise and joint protection strategies.
In summary, the management of foot pain has grown to include combinational therapies that address multiple foot-specific impairments as well as maintain physical health. While robust evidence supports the use of custom-moulded orthoses in individuals with RA, there is limited support for the use of custom devices in plantar heel pain or midfoot pain. Additional studies are needed to assess if non-pharmacologic interventions such as taping and soft-tissue mobilisation provide long-term pain relief. There is a need for community-based and self-management interventions in individuals with foot pain.
Emerging areas in the assessment and treatment of foot pain
Recent research emphasises the importance of assessing impairments in pain processing in individuals with long-standing musculoskeletal pain. In individuals with foot pain, peripheral and central pain sensitisation may be quantified using pressure pain threshold [104] . Individuals with foot pain may also demonstrate fear avoidance behaviours [105] , which, in turn, may exacerbate the activity limitation and participation restrictions noted in this population. Increasingly, clinical and research studies support the presence of multiple, co-existing impairments in individuals with foot pain. As few prospective studies or large randomised clinical trials have been performed, a strict attention to study design will be important to aid our understanding of the causal connections between foot conditions and interventions that lessen their impact. Future studies are warranted to define functional phenotypes as well as the distinct sub-groups of individuals with foot pain. Genetic studies are sorely lacking and the delineation of foot phenotypes is the necessary step to identify individuals at greatest risk for progression and disability. While functional phenotypes of foot conditions, including pain, impairments (e.g., decrease in range of motion or poor balance, etc.), are relatively new concepts in rheumatology rehabilitation, these entities will provide the foundation to further our understanding.
Ankle pain
Overview
Approximately 15% of middle-age and older adults have experienced ankle pain in the last month [3] and 10% of older adults show radiographic signs of ankle OA [106] . Ankle pain and dysfunction are significant contributors to poor health outcomes with ageing, such as reduced physical function [107] [108] [109] , balance [107] and gait speed [109, 110] as well as increased disability [108] and fall risk [7] .
The ankle joint complex, defined as the talocrural and subtalar joints [111] , contributes between 40% [112] and 70% [113] of forward propulsion during walking, but only accounts for 7-26% of the metabolic cost [114] . With a loss of ankle function, hip flexors and extensors are more heavily used during gait [115] , increasing the physiologic expenditure [116] . This shift from relying on the ankle to relying on the hip to deliver forward propulsion during gait may explain the relatively higher energetic costs of walking that older adults experience in comparison to their younger counterparts [117] . Further, comparisons of high-and low-performing community-residing older adults suggest that those with better ankle function have higher mobility and functional status relative to those with poor ankle function [109] .
A common cause of ankle dysfunction is equinus, or failure to achieve 10 of dorsiflexion during gait [118] . Equinus, which results in poor ankle movement and function, can be the result of a stiffening gastrocnemius and/or soleus muscle [119] . Two important risk factors of equinus are ageing and lack of physical activity, which tend to decrease flexibility [120] .
Poor ankle function may also be the result of ankle OA. The prevalence of ankle OA is approximately 10% in individuals over 65 years of age [106] . The underlying aetiology of ankle OA is predominately post-traumatic ankle OA, occurring in approximately four out of five cases [121] . Fracture events, mostly malleolar or tibial plafond fractures, which are often a result of motor vehicle accidents, are the most common cause of post-traumatic OA, whereas ligamentous injuries accounted for 16% of the cases [121] . Primary OA occurs in just under 10% of ankle OA cases [121] .
Lastly, although acute ankle injuries are one of the leading bodily injuries that lead to emergency room visits [122] , the focus of this section will be on the assessment and non-pharmacologic treatment modalities of chronic ankle dysfunction, such as that which results from equinus or arthritis.
Clinical assessment
Patient-reported outcome measure PROMs are instruments for assessing patients' perceptions of their health and function [123] . Ankle PROMs typically have questions addressing the pain, mobility, function and quality of life. As a measurement tool they are used to assess the effect of disease or injury on function and effect of treatment [123] and to determine possible meaningful changes on an individual basis [124] .
A systematic review evaluating PROMs in ankle function, pain and health reported that many surveys have been used in outcome-based studies with little or no evidence to support their use [125] . From their work, they noted 49 different rating scales of ankle-specific instruments [125] , but many PROMs lacked construct and content validity as well as reliability and evidence of responsiveness [126] . Recent systematic reviews have noted 12 ankle-related PROMs as having construct validity, reliability and content validity (Table 1) [125] [126] [127] . However, it is important to note that most instruments do not include questions that address the psychosocial component of ankle pain and dysfunction, and only two PROMs address the role of footwear selection and orthotics [128, 129] .
As the PROMs are validated in specific populations, care should be taken when using PROMs to ensure that the outcome measure of interest has been validated in the population and address the appropriate content domains of the study. Of the common conditions affecting the ankle, five PROMs assess ankle ligament or acute injuries [130] [131] [132] [133] [134] [135] , four PROMs support the use of generalised orthopaedic and pathological conditions of the foot and ankle [22, 128, 131, 136, 137] two PROMs evaluate chronic ankle instability [138, 139] and one addresses ankle joint complex fractures [140] , juvenile arthritis [141] , lower extremity function [25, 26, 142] and ankle OA [129] . Future directives for ankle PROMs should address the usefulness of computerised adaptive testing, which can reduce assessment time and improve the ability to compare PROM results across studies.
Key aspects of the clinical examination
In addition to the patient-reported information, such as medical history and prior injuries, assessments of sensation, joint alignment, range of motion and strength, as well as functional mobility (e.g., walking and cutting) are important when evaluating the patient with ankle pain.
Static structure and alignment
Foot-ankle alignment is a key factor in ankle arthritis, pain and disability [143] , and has been quantified as resting calcaneal stance position (RCSP). RCSP can be evaluated using various methods, but a composite measure that includes malleolar valgus index (MVI), rearfoot alignment view and long leg calcaneal axial view has shown high accuracy (r ¼ 0.814) [144] . MVI is a static measurement taken with a flatbed computer scan of the plantar foot [144, 145] . MVI is calculated by dividing the distance between the centre of the transmalleolar width to the foot bisection at the heel multiplied by 100. Rearfoot alignment in terms of rearfoot varus/valgus is discussed in the section on Static Structure and Alignment of the Foot (Fig. 1) [146] ; however, different cut-off angles are also used [147, 148] . The long leg calcaneal axial view is a radiographic technique that provides a view of the subtalar space and alignment of the calcaneus with the tibia [144, 149, 150] . Yet, since these measures require extensive equipment and set-up, it can be challenging to incorporate these assessments into clinical settings.
Joint range of motion
Measurement techniques vary widely when assessing ankle ROM [151, 152] . Key considerations include the amount of weight bearing and the degree of knee flexion when ROM was measured, and whether ankle ROM was measured actively or passively [153] [154] [155] . ROM is typically higher in weight bearing than in non-weight bearing [156] . An example of a weight-bearing measure is the Norkin and White method, in which participants place one foot in front of the other and, with their hands resting on a support, bend the knee of the forward limb in a squat as low as possible with their trunk upright and their heels on the ground [157, 158] , or a weight-bearing lunge [159] . As the ankle normally functions in partial or full weight bearing during movement, researchers question the external validity of ROM measured in the non-weight-bearing position [156] , and studies often report both a weightbearing and non-weight-bearing measure of ankle ROM [153, 160, 161] .
Active measures of ROM have the individual move the ankle joint through the ROM, whereas passive measures of ROM have the clinician or a device move the ankle joint through the ROM. A common problem with ankle ROM measures is the lack of consistency between examiners [151] . Although intra-rater reliabilities and ICCs are typically greater than 0.9 regardless of the technique [152] , inter-rater goniometric measurements have low to moderate (0.5-0.8) reliability, regardless of technique or rater experience [151] . Inter-rater measurements can have a difference of 7 between testers [152] , which is problematic, as normal ankle dorsiflexion ROM ranges from 0 to 13.1 [162] and total ankle ROM 50 [163] to 75 [164] . The wide range of goniometer measures and the generally low reliability of these measurements point to a need for the use of standard, reliable and valid techniques to assess ankle ROM.
Muscle strength
Muscle strength is frequently evaluated by using manual muscle testing (MMT). MMT assesses strength using an ordinal grading scale without quantifying strength [165] . MMT at the ankle joint includes heel rises, where the participant is asked to repeat heel rises as many times as possible to assess plantar flexor strength. Participants who complete more repetitions are noted as having greater strength [166] . MMT can also be assessed by the muscle's ability to resist the examiner's strength, with the degree of resistance categorised in ordinal rank: 5 ¼ normal, 4 ¼ good, 3 ¼ fair, 2 ¼ poor, 1 ¼ trace and 0 ¼ zero or lack of contraction [167] , although a number of ranking systems exist (e.g., [168, 169] ). While the rating system is subjective, well-trained, experienced evaluators can make MMT highly reliable (ICCs greater than 0.93) [170] . Studies of examiner-assessed MMT also suggest that ICC variability is high range (0.58-0.92) in dorsiflexion [171] and that the frequency and severity of plantar flexion muscle weakness frequency and severity of plantar flexion muscle weakness is underestimated [172] .
Instrumented measures of ankle strength and power include quantification of dorsiflexion and plantar flexion power and torque using dynamometers. When using hand-held dynamometer, the testing style can affect the reliability, as patient-initiated intra-rater and inter-rater ICCs are 0.95 or higher, whereas clinician-initiated ICCs are generally less than 0.80 [173] . The ICCs of computerised dynamometry for highest peak torque, average peak torque, power and work to range from 0.84 to 0.99 [174] [175] [176] . However, Capranica et al. reported lower ICCs, ranging from 0.29 to 0.80 for average peak torque, power and work and maximum torque, but their speeds were higher at 90 s À1 [177] , compared to 60 s À1 [174] . It is worthwhile to note that the patient's trunk should be secured and the proximal segment stabilised so the patient is mechanically grounded. Muscle strength assessment is particularly relevant in individuals with ankle OA, who show substantially lower ankle plantar flexion strength [178] compared to the contralateral limb.
Proprioception Proprioception, defined as the body's ability to detect its movement and position, is a key component in balance and injury prevention [179] . There are two main means for testing proprioception: (1) threshold of detecting passive motion (TDPM) and (2) joint angle reproduction (JAR). TDPM testing evaluates joint kinaesthesia and the body's ability to detect passive motion in the body. Computerised dynamometers or custom-built devices [180, 181] move the ankle joint at low speeds, approximately 0.4 s À1 [181, 182] , and the amount of sagittal or frontal plane movement that occurs before the individual detects the motion is recorded. The greater the degree of joint movement before detection, the poorer the kinaesthetic awareness. In JAR testing, the ankle joint is set to a specific target angle, either passively or actively, and the participant is to replicate the angle. The number of degrees away from the target angle is recorded as both a relative angle, representing an offshoot (positive angle) or an undershoot (negative angle), and an absolute angle, representing total number of degrees from the target angle [183] . While TDPM and JAR are common proprioception measures at the knee joint, at the ankle joint there is a need for continued research to understand how joint proprioception affects ankle joint function and increases fall risk and injury [182, 184] .
Dynamic assessment of ankle motion (including gait analysis)
Gait analysis (3D motion capture or two-dimensional video) may be employed to evaluate gait [185] [186] [187] [188] or other tasks, such as jumping or cutting [189, 190] . Motion capture provides a kinematic (e.g., joint angles and displacements) assessment, and when combined with a force plate for kinetic (e.g., force data) assessment, joint moments can be determined. While these technologies can be costly, they provide a more reliable measure of movement (ICC of >0.75 for motion capture [191] versus ICC <0.75 for observational gait analysis [192] ). In addition, new technologies, bi-planar X-ray fluoroscopy allows for a highly accurate and precise, in vivo, measurement of joint motion [193] .
Balance tests (instrumented and non-instrumented), particularly single-leg tasks, are often employed to evaluate balance deficits [194] [195] [196] . Analysis of sway patterns typically involves a measurement of the centre of pressure displacement during quiet standing [197] [198] [199] [200] [201] [202] [203] . Other common functional assessments include the Star Excursion Balance Test [204, 205] , figure-of-8 hop, side hop, up-down hop and single-leg hop for distance, agility hop test [206] [207] [208] .
Provocational tests
Given the possible risk of ankle OA and high residual disability that follows acute ankle injuries, several tests are available to evaluate ankle laxity. Commonly used tests include the anterior drawer and talar tilt test to assess the integrity of the lateral ligaments [209, 210] . When injury to the tibiofibular syndesmosis is suspected, the external rotation (Kleiger) or squeeze tests are indicated [211, 212] . However, syndesmotic tests are noted for their high specificity but relatively low sensitivity [211, 212] , consequently, a high index of suspicion is warranted. In recent years, ankle impingement has been recognised as a source of lateral-sided ankle pain, particularly in individuals who have previously sustained an ankle sprain. While a provocational test for antero-lateral impingement has recently been published, limited sensitivity and specificity information is available as of this review [213] . Persistent deep, aching lateral-sided ankle pain may be indicative of an osteochondral lesion of the talar dome. Deltoid ligament injuries are rare, consequently the differential diagnosis of medial-sided ankle pain should include tibialis posterior tendinopathy [45] . Pain on the posterior aspect of the ankle may occur due to Achilles tendinopathy, posterior impingement and retro-calcaneal bursitis.
Treatment of ankle pain Overview and general approach
Similar to the treatment of foot pain, the chief objectives of treatment in individuals with ankle pain are to reduce symptoms, improve mechanics (e.g., alignment, motion and/or load distribution) and return the patient to his or her desired level of activity participation. The plan of care should be designed with the goal of targeting impairments noted during assessment. The most frequently used treatment modalities in this clinical population include stretching, manual therapy, therapeutic exercises, footwear modification and orthoses, and are discussed in detail in subsequent subsections.
Stretching
Current exercise recommendations for adults call for a minimum of 30 min of moderate-intensity aerobic exercise 5 days per week plus 2 days of muscle strengthening activities and 2-3 days of flexibility exercises [214] . Per these guidelines, flexibility exercise includes stretches that should be held 10-30 s to the point of tightness or slight discomfort, repeated two to four times for a total of 60 s per stretch [214] . Studies evaluating the effects of stretching the muscles of the ankle joint complex (e.g., gastrocnemius, soleus and anterior tibialis) have shown mixed results, with some studies suggesting ankle ROM can be enhanced [215, 216] , whereas others noting no significant gains [217, 218] , with a meta-analysis suggesting that the clinical relevance of stretching in asymptomatic younger adults is unknown. By contrast, studies show older adults can significantly improve ankle ROM [153] [154] [155] , and that longer stretch durations per repetition (e.g., holding each stretch 60 s as opposed to 15 or 30 s) are more likely to improve ankle ROM in older adults [219] . Concomitant with the improvements in ankle ROM in older adults are improvements in passive stiffness [154, 215, 216, 220] , with gait speed increasing in some studies [153, 154] , but not in all [155] .
Manual therapy
Studies on the short-term effect of a single intervention of trigger point massage [221] and joint mobilisation or manipulation [222] in individuals with restricted active ankle dorsiflexion showed gains of almost 5 . However, high-velocity thrust manipulations have shown no significant improvements in ankle ROM [223] or in muscle activation [224] in individuals with lateral ankle sprain. As there are few studies investigating manual therapies at the ankle joint, further research is needed to evaluate its effects on ankle joint function as well as on physical function and mobility.
Therapeutic exercise
Strengthening the ankle typically includes isometric exercises performed against an immovable object in plantar flexion, dorsiflexion, inversion and eversion, as well as dynamic resistive exercises using ankle weights, surgical tubing or resistance bands. In particular, high-resistance eccentric exercise is advocated for individuals with Achilles tendinopathy [225, 226] .
Interventions combining ankle and foot exercises have also shown positive outcomes. Hartman et al. reported that a generalised exercise programme with foot gymnastics improved foot and ankle function relative to the generalised exercise programme without foot gymnastics [157] . The foot gymnastics included three components: (1) 2-min warm-up activity of heel land toe lifts as well as walking on heels and toes, (2) 4-min foot exercises that included moving and spreading toes, grabbing small objects (e.g., marbles) and playing different skill games with toes and (3) 4-min static ankle stretching [157] . After 12 weeks of exercise and foot gymnastics, participants in this group showed improvements in muscle strength and gait speed over the participants who only had the generalised exercise programme. Similarly, Benedetti et al. reported that an exercise programme targeting flexibility and strength gain resulted in participants improving strength, ROM and posture, relative to nonspecific exercises [161] .
Therapeutic exercise in the form of Tai Chi has been accompanied by improved ankle mobility and strength. A recent meta-analysis demonstrated that Tai Chi exercise in older adults improves ankle flexor and extensor muscle strength [227] , and long-term Tai Chi practitioners display better ankle proprioception relative to long-term swimmers, runners and sedentary individuals [181] . However, a 16-week programme failed to show that Tai Chi practice benefited ankle proprioception [228] . Taken together, these results suggest that gains in ankle functionality obtained through exercise programmes can improve mobility, but more research is needed to define specific features related to dosage, intensity and patient selection to optimise outcomes.
Footwear modifications and orthoses
Footwear modification and orthoses have been used to treat individuals with ankle pain. In particular, rocker-style shoes have been used to treat individuals with poor ankle ROM and function. Adding rocker soles to the shoe can aid ankle motion and improves forward propulsion when sagittal plane ankle movement is restricted [88, 229] . The primary role of the rocker sole shoe is to promote heel-toe gait, to limit shoe flexion to restore ankle function and offload areas of high pressure in the foot. Of the different styles of rocker soles (Fig. 5) , individuals with ankle dysfunction will typically use heel-toe or negative heel rockers [88] . In rocker-style shoes, the pitch of the rocker should be suited to the specific ankle position (such as an ankle fixed in dorsiflexion) using a negative rocker or act within the available ankle ROM, using heel-toe or negative rocker soles [88, 230] . The negative style rocker is contraindicated for those with reduced balance or with contracture of the Achilles tendon. Further, using heel lifts with mild rocker-style shoe can create a negative rocker sole and can promote a heel-toe gait [231] . In patients with arthritis, rocker-style shoes can be used alone or in tandem with a cushioned heel and can aid in foot function to improve gait and ankle ROM [232] . However, determining the correct rocker position can be challenging, and in-sole plantar pressure system can be used to evaluate the effectiveness of the treatment [233] .
Orthoses by themselves can also benefit those with ankle pain and dysfunction. Studies comparing a custom-made ankle-foot orthosis, rigid hindfoot orthosis and articulated hindfoot orthosis reported that in patients with subtalar [234] and ankle OA [235] , the rigid hindfoot orthosis provided significant ankle motion restriction, with adequate forefoot movement when walking in various conditions (e.g., on a ramp). Because of the controlled motion provided by the rigid hindfoot orthosis optimal, this treatment may be beneficial for people with ankle pain arising from subtalar or ankle OA [234, 235] . Those who benefit the most from an orthotic intervention for ankle dysfunction include men, older adults and those with less pain [236] , which suggests that alternative interventions are needed to fill the treatment gap for other populations. While substantial pain relief is afforded by devices that restrict motion, prolonged use may result in loss of joint mobility and muscle strength, and compromise the ability of the ankle to generate power at push off during walking. Consequently, there is increasing emphasis on light-weight low-profile elastic recoil ankle-foot orthoses.
Emerging areas in the assessment and treatment of ankle pain
Residual ankle disability and dysfunction are common following acute ankle injuries, which can lead to chronic ankle pain and mobility limitations as well as a 'feeling of giving way' [237] . There is an increasing awareness that chronic ankle instability and concomitant osteochondral injuries may predispose to the development of ankle pain and OA. Consequently, early detection and high index of suspicion are warranted during assessment. Ankle ROM, strength and balance deficits are recognised as potential contributors to high fall risk in older adults. Intervention strategies should not only focus on pain relief and gait retraining, but emphasise fall prevention and neuromuscular training with the overall goal of returning the patient to their desired level of activity participation and preventing reinjury. 
Regional interdependence of the foot and ankle
Lower extremity function during most weight-bearing activities of daily living occurs in a closed kinematic chain, and consequently may be interdependent (e.g., [238, 239] ). This regional interdependence may be evident during assessment, and may offer valuable strategies for intervention. For instance, clinical studies indicate that ankle and foot mechanics may be related. In terms of assessment, limited ankle dorsiflexion (equinus deformity) has been noted in individuals with heel pain (plantar fasciitis) [240] and in individuals with forefoot or midfoot pain [162] . Consistent with these findings, combinational therapies targeting ankle dorsiflexion have been accompanied by positive outcomes in terms of pain relief and mitigation of disability in individuals with heel pain [26] .
Regional interdependence may also be reflected in relationships between proximal (hip or knee) and distal (foot and ankle) function. For instance, in individuals with compromised ankle power generation during push off phase of walking (apropulsive gait strategy), increased hip flexion has been noted to maintain gait speed [115] . In this case, regional interdependence is reflected in proximal joints (hip flexion) compensating for reduced ankle function. By contrast, decreased proximal muscle strength has been noted in women with tibialis posterior tendinopathy [44] . In a recent study, women with tibialis posterior tendinopathy demonstrated 63% lower plantar flexor strength and 33% and 28% lower hip extensor and abductor strength, respectively, compared to age, gender and BMI-matched controls [44] . These findings suggest that proximal resources may not always be available to substitute for distal impairments. Pain and disuse atrophy secondary to limited physical activity may modulate the availability of proximal resources. In the section on Assessment of Foot Structure, the relationship between low-arched foot structure and hip or knee pain has been discussed. In terms of intervention, recent studies have attempted to leverage the interdependence between the foot and knee (consistent with Fig. 2 ) to provide symptomatic relief in individuals with knee pain using foot orthoses [241, 242] . Despite the strong postulated biomechanical relationship between the foot and proximal joints, the effects of lateral wedged insoles were modest in individuals with knee OA [242] . Individuals with anterior knee pain and foot orthoses provided superior pain relief compared to flat inserts at a 6-week follow-up; however, no significant differences were found between foot orthoses and physiotherapy, or between physiotherapy and physiotherapy plus orthoses [241] . In subsequent analyses of this clinical trial, the investigators attempted to identify predictors of foot orthoses efficacy. They reported that individuals with greater dynamic foot mobility [243] and individuals who responded favourably to a treatment direction test (pain relief with foot orthoses when performing a single leg squat) were more likely to benefit from foot orthoses [244] . Taken together, these studies highlight the need for a critical appreciation of regional interdependence and its judicious application to clinical practice.
Conclusions
This review presented our current understanding of assessments and non-invasive, non-pharmacologic treatment options for musculoskeletal conditions of the ankle and foot. Recent studies show that individuals with foot and ankle pain have multiple co-existing impairments in alignment, motion, load distribution and muscle performance. Consequently, a comprehensive assessment of the foot and ankle should include patients' self-reported outcomes and measures of alignment, motion, strength and provocational tests. As new data quantifying the diagnostic accuracy (sensitivity, specificity, receiver operating characteristic, or ROC curves) becomes available, choice of assessments may be refined. Increasing evidence highlights the importance of evaluating dynamic function and regional interdependence. Advances in motion capture and plantar load distribution offer exciting opportunities to obtain precise, clinically relevant measures.
Non-surgical interventions are important factors to ease foot pain and slow the disease-related progression of foot and ankle conditions often seen with the rheumatic diseases. Increasingly, studies are showing that orthoses, footwear and other rehabilitation interventions may play an important role in rheumatology-related foot treatment. While reliable and valid measurements of function are needed for intervention studies to succeed, an emphasis upon study design will also be needed to further our understanding of treatments of important subgroups, possibly including genetic links, for many musculoskeletal conditions of the foot and ankle to lessen the impact of rheumatic diseases.
Too few prospective studies have been performed and more randomised clinical trials are needed, especially evaluating specific foot conditions and possible interventions. There remain enormous gaps in our current knowledge, particularly around paediatric foot issues as well as the biomechanical pathways of foot pain and foot biomechanics. Our field and our patients will benefit from longer-term prospective controlled intervention studies to determine whether treatment with specific foot interventions or alterations in biomechanics can improve physical functioning, or decrease the likelihood of mobility disability associated with the burden of rheumatic diseases affecting the feet.
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